Abstract. The aim of the present study was to investigate the role of breast cancer stem cells (BCSCs) in the angiogenesis of breast cancer tumors. The expression levels of mutant p53, cluster of differentiation (CD)31, vascular endothelial factor (VEGF), in addition to human epidermal growth factor (HER)2, were detected in the blood vessels of human breast cancer (BC) tissue samples. CD44 + /CD24 -/low cells were selected from single-cell suspensions of BC tissues to assess the expression of CD31 and CD105, in addition to the ability of these cells to metabolize acetylated low-density lipoprotein (Ac-LDL). Furthermore, vascular-like structures were observed histologically. Mutant p53, CD31 and VEGF were all expressed in these tissues. CD44
Introduction
Breast cancer (BC) is one of the most common malignancies in women, and its incidence is the second highest in the world (1, 2) .
Despite various treatment methods, recurrence and metastasis are major obstacles for BC treatments (3) . Studies have shown that about 40% of BC patients have experienced recurrence, and about 60-70% of patients display distant metastasis (4) . Like normal human organs, tumors have a small number of primitive stem cells that have high proliferation, self-renewal, and differentiation potential. Moreover, these stem cells can be resistant to chemoradiotherapy. All of these characteristics are similar to those of normal stem cells, so cancer can be considered a type of stem cell disease. These tumor cells are termed cancer stem cells or tumor stem cells (CSCs or TSCs) (5, 6) . These features of breast cancer stem cells (BCSCs) are also a major reason for the recurrence and distant metastasis of tumors following conventional therapies (7) .
The formation of a vascular network is extremely important for tumor growth and metastasis (8, 9) . If there are no blood vessels that can provide adequate nutrients for tumor cells, the tumor volume cannot exceed 2-3 mm 3 , and organ structures and functions will also be adversely affected (10, 11) . As endothelial cells are necessary to form blood vessels, no clinically detectable tumors and subsidiary blood vessels will form in the absence of endothelial cell proliferation (12) . Therefore, anti-tumor angiogenesis therapies are currently of great interest in the field of cancer treatment research.
Tumor angiogenesis can be functionally divided into vasculogenesis and angiogenesis (13, 14) . Vasculogenesis refers to the process of differentiation and proliferation of endothelial progenitor cells (EPCs) at tumor sites. Angiogenesis refers to endotheliosis and the formation of new blood vessels at or around tumor sites using the original blood vessels as a template (15) . Some studies have shown that bone marrow-derived EPCs in adults are involved in the formation of new blood vessels, which challenges current models in which angiogenesis only occurs during embryonic development. Additional studies have shown that EPCs also participate in the regeneration, repair, and angiogenesis of the heart, brain, and peripheral vessels (16) . Tumors are typically rich in new blood vessels, so researchers have begun to study whether EPCs are involved in tumor angiogenesis. It has been found that many patients with cancer exhibit significantly increased numbers of EPCs in the peripheral blood circulation. As the disease progresses, EPCs increase as well. This suggests that EPCs may be involved in tumor angiogenesis. Subsequent animal experiments also revealed evidence for the contribution of EPCs to angiogenesis in primary and metastatic tumors. This may be an important reason for the poor outcomes associated with anti-angiogenic drugs (17) . Collection of BC tissue samples. Specimens were obtained in the operating room. Each BC tissue sample was collected in such a way that it did not affect the pathological diagnosis. Individual samples were placed in sterile containers containing sterile PBS and streptomycin (500 U/ml) (Gibco, USA), and quickly delivered to the central laboratory within 1 h. Each specimen was divided into two parts. One part was used to prepare the single-cell suspension, and the other part was embedded and processed for paraffin sectioning.
Involvement of breast cancer stem cells in tumor angiogenesis
Immunohistochemical staining. Sections were deparaffinized and hydrated according to routine immunohistochemical procedures. After washing three times with PBS, sections were blocked with normal serum blocking solution for 15 min. Subsequently, 100 µl of diluted primary antibody was carefully added dropwise onto the slides (Santa Cruz, USA), and incubated overnight in humid boxes at 4˚C. After washing three times with PBS, goat anti-rabbit secondary antibody was added and incubated for 15 min at room temperature. After washing three times with PBS, HRP-labeled streptavidin was added and incubated for 10 min at room temperature. Slides were then washed with PBS and DAB staining was performed. The colorimetric development reaction was stopped when the background turned slightly brown. Sections were counterstained with hematoxylin for 3 min, treated with 1% HCl alcohol for 30 sec, and rinsed in tap water for 10 min. Sections were air-dried, mounted with neutral gum, and visualized using light microscopy. Samples were examined and interpreted by two or more pathologists.
Immunofluorescence staining. Frozen sections were placed at room temperature for 30 min, fixed in acetone at 4˚C for 10 min, washed three times with PBS buffer, and incubated with 3% H 2 O 2 for 10 min to eliminate endogenous peroxidase activity. After washing three times, appropriately diluted primary antibody was added and incubated overnight at 4˚C. The next day, samples were rinsed with PBS and incubated at room temperature for 20 min with reagent 1 of the kit. Sections were rinsed and then incubated at room temperature for 30 min with reagent 2 of the kit. After rinsing, AEC coloration was developed, followed by re-staining. Slides were mounted with neutral gum and microscopy was performed. The histological sections were subsequently analyzed by two or more pathologists.
HER-2 fluorescent in situ hybridization (FISH)
Immunofluorescence. Sections were baked at 56˚C overnight, and then placed in xylene at room temperature for 10 min. Sections were rinsed and then dehydrated for 5 min in absolute ethanol. These steps were repeated twice, and sections were then air-dried at room temperature. Next, sections were immersed in pretreatment solution at 80˚C for 10 min, and rinsed in ultrapure water for 3 min. The residual liquid was aspirated, and the sections were placed into protease solution at 37˚C for 10 min. This was followed by gradient dehydration, air-drying at room temperature, incubation with an Abbott probe (the hybridization area, Abbott, USA), mounting, overnight hybridization using the ThermoBrite hybridization instrument, DAPI staining, and observation under a fluorescence microscope.
Interpretation of the results. A ratio <2 indicated that the HER2/NEU gene was not expressed. A ratio ≤2 indicated that the HER2/NEU gene was expressed. If the ratio was near the critical range of 1.8-2.2, 20 more nuclei were counted to calculate the ratio. Alternatively, conclusions were made using another counting method in combination with clinical results.
Isolation and culture of BCSCs. BC tissue samples were cut into small pieces, placed in sterile centrifuge tubes, and digested for 30 min with 0.05% type II collagenase at 37˚C in a sterile incubator. The suspension was collected after 5 min of centrifugation at 1000 rpm and filtered. Samples were then incubated with DMEM supplemented with 10% fetal bovine serum and 1% mycillin dual antibodies. The single-cell suspensions of BC tissues were then examined for the expression of CD44 and CD24 using flow cytometry. CD44 + /CD24
-/low cells were inoculated into DMEM/F12 serum-free medium containing 20 µg/l EGF, 20 µg/l bFGF, and 2% B27. The growth of BCSCs was observed, and the medium was changed 3 days after starting the culture.
Culture and functional testing of endothelial cells.

CD44
+ /CD24 -/low cells were cultured in the stem cell culture system for 1-2 weeks. After mammary gland glomus cells formed in the culture plate, they were collected and digested into single-cell suspensions. Trypan blue staining was performed to count living cells, and a special culture medium for endothelial cells (EGM-2) was used to promote proliferation and observe cell growth. The 3rd-generation endothelial cells were collected and stained with DiL-Ac-LDL. The concentration of DiL-Ac-LDL was 10 g/ml, the endothelial cells were incubated at a temperature of 37˚C for 4 h, then washed with PBS. The cells were fixed with 4% paraformaldehyde fixed cells for 10 min and to take photographed by fluorescence microscope. Positive cells were considered to be undergoing differentiation. Adipocytes were used as a control group.
Detection of angiogenesis.
A 24-well plate was coated with 300 ml Matrigel (BD, USA) and gently shaken. The gel was allowed to solidify at 37˚C. The 3rd-generation endothelial cells harvested from the endothelial cell culture system were then digested with trypsin until the cell edges became round. After discarding the supernatant, the cells were repeatedly pipetted in the medium until they formed a single-cell suspension. The suspension was then inoculated into the 24-well plates. Adipocytes were used as a control. Angiogenesis was assessed microscopically 24 h after starting the culture.
Detection of CD105 and CD31. CD44
+ /CD24 -/low cells and the 3rd-generation endothelial cells were harvested. Specimens were prepared and the expression of CD105 and CD31 was assessed by flow cytometry.
Statistical analysis. SPSS 20.0 software was used to analyze the experimental results. Data are expressed as the mean ± standard deviation (x -± s). The intergroup comparison was performed by using single-factor analysis of variance, and P<0.05 was considered statistically significant.
Results
Expression of CD31, VEGF, and mutant p53 in BC tissue.
Expression of CD31, VEGF, and mutant p53 was observed in paraffin sections of BC tissue samples (tan). Expression was enriched in cells lining the vessel lumen or in vascular spheres (Fig. 1) . Immunofluorescence showed that CD31 and DAPI co-localized intravascularly in the BC tissue specimens (Fig. 2) .
Expression of HER2 in BC tissue. Among the 13 specimens, HER2-positive cells were detected in 4 of 9 cases. Red FISH signal indicated the localization of HER2, and green FISH signal stained CSP on chromosome 17 (Fig. 3) .
Detection of CD44 + /CD24
-/low cells. Isolated BCSCs were subjected to flow cytometry after immunomagnetic sorting to quantify CD44 + /CD24 -/low cells. This showed that CD44 + /CD24 -/low cells comprised 7.5±2.6 and 94.3±4.7% of the total cell suspension before and after immunomagnetic sorting, respectively ( Fig. 4A and B) . CD24 + cells constituted 48.2±9.4 and 4.3±1.6% of the total cell suspension before and after immunomagnetic sorting, respectively. This indicated that lower the proportion of CD24 + cells observed, higher was the proportion of CD24 -/low cells ( Fig. 4C and D) .
Isolation and culture of BCSCs. Isolated CD44 + /CD24
-/low mononuclear cells were round in shape, and they were easily suspended in the culture medium during the first 3 days of culture. After 7 days, small colonies could be observed, which increased in volume significantly after the culture medium was changed once every day (Fig. 5) .
Detection of CD105 + and CD31 + cells. The percentage of CD105
+ and CD31 + cells in the mammary gland was 4.5±0.9 and 6.2±1.3%, respectively ( Fig. 6A and B) . After continuous culturing in the endothelial cell culture system for three generations, the proportion of CD105 + and CD31 + cells increased to 79.6±9.3 and 84.1±10.7%, respectively (Fig. 6C a D) .
Functional detection of endothelial cells.
Cells cultured in the endothelial cell culture medium phagocytosed DiL-Ac-LDL, which was demonstrated by the cells exhibiting red fluorescence. This suggested that the cells were functional endothelial cells. In contrast, the cells in the control group did not display red fluorescence (Fig. 7) .
Angiogenesis. Cultured cells were seeded into 24-well plates together with adipocytes as the control. The endothelial cells displayed microscopic vascular-like structures that formed 24 h after culture, but the control cells showed no such morphology (Fig. 8) .
Discussion
BC is one of the most common malignancies in women, and its incidence rate is the second highest in the world (18) (19) (20) . Despite the existence of tumor stem cells in a variety of solid tumors and hematologic malignancies, there are presently many problems to be solved (21, 22) . CSCs has the potential of self-renewal and multi-directional differentiation, which can differentiate into tumor parenchyma cells or tumor stromal cells. Recently, it has been found that the CD133(+) stem-like cell fraction is multipotent and capable of differentiation along tumor and endothelial lineages, since EPC was also found in glioma by differentiation of cancer stem cells. The capacity to generate tumour vasculature of the cancer stem cells within glioblastoma are novel findings, as well as the mechanisms of tumor neo-angiogenesis. that provide new insight into the biology of gliomas and the definition of cancer stemness, which may be far more than glioblastoma (23) . Studies have shown that the endothelial cells derived from a variety of tissues participate in the process of tumor angiogenesis in BC (6) . Therefore, we investigated whether BCSCs-derived endothelial cells likewise participate in tumor angiogenesis. The results showed that the expression of CD31, VEGF, and mutant p53 was observable in paraffin-embedded sections of BC tissues. These cells were arranged along the vascular lumen or in vascular spheres. Furthermore, immunofluorescence and FISH also showed that the tumor cells expressed CD31 and HER2. CD31 localizes to the cell junctions of endothelial cells, and it is widely distributed in vascular cells. CD31 participates in a variety of physiological processes, such as angiogenesis; therefore, its expression is an indicator of in vivo angiogenesis (24) . VEGF is a pro-angiogenic factor that promotes tumor angiogenesis. It also plays an important role in the proliferation of endothelial cells (25) . Wild-type p53 functions as a tumor suppressor. However, mutant p53 inactivates the p53 gene, leading to tumorigenesis. At the same time, it has been found that the high expression of mutant p53 is very important in intratumoral angiogenesis (26) . Therefore, the expression levels of CD31, VEGF, and p53 can be used as indicators of tumor vascular endothelial cells. The HER2 gene is a proto-oncogene, which is expressed at low levels in normal tissues, but is overexpressed or ectopically expressed in epithelium-derived tumor tissues such as breast cancer. It has been shown that HER2 expression is closely associated with the recurrence, metastasis, and poor prognosis of BC (27) . FISH can detect the expression of the HER2 gene in BC tissue, which can help clarify the Another study has shown that CD44 is an important marker of BCSCs (29) . Therefore, many researchers in China and abroad isolate CD44 + /CD24 -cells during sorting, which are considered bona fide BCSCs. In this study, BCSCs were sorted using the immunomagnetic sorting method. The results showed that CD44 + cells comprised about 7.5±2.6% of the total cell population before sorting, and this increased to about 94.3±4.7% after sorting. In contrast, CD24
+ cells constituted 48.2±9.4% of the total cell population before sorting and 4.3±1.6% after sorting, indicating that lower the abundance of CD24 + cells, higher is the amount of CD24 -/low cells. These results showed that immunomagnetic sorting enriched for CD44 + /CD24
-/low cells with high purity. The sorted cell suspension could form BC cell clusters after in vitro culture, indicating that they possessed tumor stem cell-like proliferation abilities. Meanwhile, the cells cultured in the endothelial differentiation culture system could internalize DiL-Ac-LDL, demonstrating their endothelial cell-like physiology.
Like CD34, CD31 is a pan-vascular endothelium marker. It cannot distinguish whether vascular endothelial cells are proliferating or not. In contrast, CD105 is present on the surface of endothelial cells and is specifically expressed in proliferating neovascular endothelial cells. Thus, CD105 is considered the best marker of neovascularization (30) . In this study, mammary gland cells were digested, cultured in the EGM-2 endothelial cell culture system, and the 3rd-generation cells were collected for flow cytometry. The results showed that the CD105 + and CD31 + cells from the mammary gland comprised 4.5±0.9 and 6.2±1.3% of the total population, respectively. In the 3rd-generation cells, this increased significantly to 79.6±9.3 and 
